Objective: Medical management of primary hyperparathyroidism (PHPT) is important in patients for whom surgery is inappropriate. We aimed to describe clinical profiles of adults with PHPT receiving cinacalcet. Design: A descriptive, prospective, observational study in hospital and specialist care centres. Methods: For patients with PHPT, aged 23-92 years, starting cinacalcet treatment for the first time, information was collected on dosing pattern, biochemistry and adverse drug reactions (ADRs). Initial cinacalcet dosage and subsequent dose changes were at the investigator's discretion. Results: Of 303 evaluable patients with PHPT, 134 (44%) had symptoms at diagnosis (mostly bone pain (58) or renal stones (50)). Mean albumin-corrected serum calcium (ACSC) at baseline was 11.4 mg/dl (2.9 mmol/l). The reasons for prescribing cinacalcet included: surgery deemed inappropriate (35%), patient declined surgery (28%) and surgery failed or contraindicated (22%). Mean cinacalcet dose was 43.9 mg/day (S.D., 15.8) at treatment start and 51.3 mg/day (31.8) at month 12; 219 (72%) patients completed 12 months treatment. The main reason for cinacalcet discontinuation was parathyroidectomy (40; 13%). At 3, 6 and 12 months from the start of treatment, 63, 69 and 71% of patients, respectively, had an ACSC of %10.3 mg/dl vs 9.9% at baseline. Reductions from baseline in ACSC of R1 mg/dl were seen in 56, 63 and 60% of patients respectively. ADRs were reported in 81 patients (27%), most commonly nausea. A total of 7.6% of patients discontinued cinacalcet due to ADRs. Conclusions: Reductions in calcium levels of R1 mg/dl was observed in 60% of patients 12 months after initiation of cinacalcet, without notable safety concerns.
Introduction
Primary hyperparathyroidism (PHPT) is characterised by elevated secretion of parathyroid hormone (PTH) leading to hypercalcaemia, which can reach levels that are detrimental to health (1) . Although the disease is often asymptomatic, complications can be progressive and/or severe, including bone loss and fractures, kidney stones and gastrointestinal disturbances; symptoms such as muscle weakness, depression, and neuropsychiatric disturbance have also been reported. The only definitive treatment for PHPT is parathyroidectomy, but surgery may be contraindicated in some patients, for example, because of advanced age or the presence of co-morbidities (2) .
Cinacalcet is a calcimimetic, a class of drugs that reduce PTH secretion by amplifying the sensitivity of the calcium-sensing receptor. These receptors are found mainly in the parathyroid glands and the kidney, where they regulate extracellular calcium (3, 4, 5) . Cinacalcet is the first of this drug class to be introduced and is available in over 55 countries. In most countries, the three licensed indications are the treatment of secondary HPT in patients with chronic kidney disease receiving dialysis, the treatment of hypercalcaemia in patients with parathyroid carcinoma, and the treatment of hypercalcaemia in PHPT in patients for whom parathyroidectomy is not a treatment option.
PRIMARA (a prospective, descriptive, observational study to review Mimpara (cinacalcet) use in primary hyperparathyroidism in clinical practice) was an observational study whose overall objective was to describe the demographic and clinical profiles of adults who were prescribed cinacalcet for PHPT in clinical practice, and the treatment patterns employed. The study, which enrolled patients at several European sites, also aimed to examine outcomes in treated patients, including levels of serum calcium and other laboratory parameters as well as the incidence of adverse drug reactions (ADRs).
Subjects and methods

Study conduct
PRIMARA (NCT 00928408) was a prospective multicentre observational study. The patients were enrolled from October 2009 to December 2010 at 60 hospitals and specialist care centres across 12 European countries. The observational period was 1 year from enrollment. This study was conducted in compliance with the principles of the Declaration of Helsinki and its amendments, and in accordance with International Conference on Harmonisation Good Clinical Practice guidelines. The study protocol was approved by independent Ethics Committees at each study site, and patients provided informed consent where required by local law.
Patient selection and treatment
To be eligible for inclusion, patients with PHPT had to be R18 years of age at the time of starting cinacalcet treatment and had to be enrolled no later than 1 month after starting cinacalcet treatment. The patients were ineligible if they had received previous cinacalcet treatment (other than in the period immediately before study entry), had a diagnosis of secondary HPT or had hypercalcaemia of other aetiology, e.g. cancer or sarcoidosis. No criteria were predefined for diagnosing PHPT; this was left to the investigator's judgement. Prescription of cinacalcet that did not comply with European Medicines Agency labelling was not a reason for exclusion per se. The dosage of cinacalcet during the study period was not predefined: study centres could alter dosage at any time during this period.
Study centres with experience in the treatment of PHPT and cinacalcet use were selected. The reasons for non-enrollment were recorded to assess possible selection bias for all patients who received cinacalcet at any of the study centres but were not enrolled in the study.
Data collection and assessments
Baseline data (see Statistical analyses section for definition), and data measured after cinacalcet treatment had started but before patient enrollment, were abstracted from medical records to electronic case report forms (eCRFs) within 4 weeks of enrollment. All other study data were abstracted in the same way (within 4 weeks of the assessment) for up to 12 months after patient enrollment. Every effort was made to collect the followup data for patients who discontinued cinacalcet before the end of the 12-month observational period.
Cinacalcet is administered orally; data were collected on the dose of cinacalcet per administration (mg), the frequency of cinacalcet dosing and the reason for any dose changes. The investigator's reason for prescribing cinacalcet was also recorded. Data on concentrations of serum calcium (total, albumin-corrected and ionised, as available), plasma intact PTH (iPTH) and phosphorus and on the occurrence of parathyroidectomy were also collected. The methods used to derive these measurements at each site are not described because of the large number of participating sites and the variety of methods and assays being used.
The ADRs, i.e. adverse events considered by the investigator to be causally associated with cinacalcet administration, were collected.
Statistical analyses
The full analysis set (FAS) included all enrolled patients who fulfilled the study inclusion/exclusion criteria (see Patient selection and treatment section): unless otherwise stated, results reported are for the FAS. Some analyses were repeated on a second analysis set, 'FAS with Censoring', which excluded data obtained after discontinuation of cinacalcet. Analysis was based on available data with no imputation of missing values.
Descriptive analysis was performed. For continuous variables, the following statistics are reported as applicable: mean, S.D., S.E.M., 95% CI for the mean, median, first and third quartiles (Q1 and Q3), and minimum and maximum values. For categorical variables, the number and proportion (%) of patients in each category are reported together with 95% CIs. Because of the descriptive nature of the study, no hypothesis testing was performed and differences compared with baseline were not tested for statistical significance.
Cinacalcet dose and frequency data were summarised at treatment initiation and after 3, 6 and 12 months of treatment (and on the day that treatment stopped, if earlier than 12 months). If a dose was withheld at a given time point, it was included as a dose of zero. The changes in dosage throughout the study (amount and/or frequency) were summarised in three time periods: 0-3 months, O3 and %6 months, and more than 6 months from treatment start. The mean daily dose and duration of exposure to cinacalcet over the entire study were determined; the duration of exposure was defined as the time from first dose to the last non-zero dose.
For biochemical parameters, the most recent value in the 3 months before the start of cinacalcet treatment was used as the baseline value, and change from baseline was calculated at 3, 6 and 12 months after starting treatment. In addition, we derived the proportion of patients with albumin-corrected serum calcium (ACSC) concentrations of %10.3 mg/dl (2.6 mmol/l) at 3, 6 and 12 months and the proportion who achieved a reduction from baseline of ACSC of R1 mg/dl (0.25 mmol/l) at the same time points. Where possible, ACSC values were calculated from total calcium and albumin values (if collected within 7 days of one another); if not, albumin-corrected values provided by the site were used in the analysis. The following formula was used to calculate corrected calcium values if albumin was !40 g/l (4 g/dl) (6): corrected calcium (mmol/l)Ztotal calcium (mmol/l)C 0.02 (40Kserum albumin (g/l)). If albumin was R40 g/l, the corrected calcium value (mmol/l) was considered to be equivalent to total calcium (mmol/l).
As this was an observational study, there was no guarantee that patients would have assessments at the predefined analysis time points, e.g. 3 months after starting cinacalcet treatment. For biochemical data, therefore, the closest assessment to each analysis time point was used for analysis, within the following time windows: month 3Zfrom 0 to 4.5 months after treatment start; month 6Zfrom 4.5 to 9 months after treatment start; month 12Zfrom 9 to 13 months after treatment start.
Results
Patient disposition
A total of 305 patients were enrolled in the study, 303 of whom were included in the FAS: two patients were excluded because they started cinacalcet treatment outside the permitted 1-month enrollment window. A total of 282 patients completed the 12-month observation period, 219 of whom were still receiving cinacalcet at the end of the 12-month observation period.
Eighty-six patients (28.2%) discontinued cinacalcet during the study, most commonly because of parathyroidectomy (40; 13.1%); the median treatment duration in these 40 patients was 86.5 days (range, 4-330 days). Cinacalcet was discontinued because of nausea and/or vomiting in six patients (2.0%). Other reasons for discontinuation of cinacalcet included death (nZ4), hypocalcaemia (nZ3), lost to follow-up (nZ3), noncompliance (nZ2), poor response (nZ2), high PTH (nZ1), consent withdrawn (nZ1) and other (nZ24).
Baseline characteristics
The main demographic and clinical characteristics of the patients are given in Table 1 . The majority of patients were female (241/303, 79.5%). The median age of patients at the time of starting cinacalcet treatment was 70 (range, 23-92) years, and 64% of patients were R65 years of age.
The median (Q1 and Q3) time since PHPT diagnosis was 0.55 (0.10, 2.42) years, diagnosis being symptom-based, as opposed to based solely on PTH and calcium values, in 134 (44.2%) patients; the most common diagnostic symptoms in this group of patients were bone pain (58/134, 43.3%) and kidney stones (50/134, 37.3%). In most cases, the primary aetiology of PHPT was reported as parathyroid adenomas (73.9% of patients), although this was not histologically proven. Forty-five patients (14.9%) had previously undergone parathyroidectomy.
The majority of patients were prescribed cinacalcet because surgery was not considered appropriate by their physician (107/303, 35.3%) or the patient declined surgery (86/303, 28.4%). Other reasons included acute or chronic use of cinacalcet for treatment of hypercalcaemia before surgery (off-label indication) (43/303, 14.2%), previous surgery failure (33/303, 10.9%) and surgery being contraindicated (33/303, 10.9%). In the 107 patients for whom surgery was not considered appropriate by their physician, the most common single reason was that the diseased parathyroid gland could not be located by imaging techniques (45/107, 42.1%); other reasons included age and co-morbidities.
Patients who received cinacalcet as an alternative to surgery (because of contraindications, inappropriateness or lack of consent) were slightly older than patients who received it after surgery failure or as presurgical treatment (median ages: 76.0, 71.0 and 70.5 years, and 62.0 and 64.0 years respectively).
Cinacalcet dosage and treatment pattern
The number of patients receiving cinacalcet at each time point was 303 (100%) at initiation, 255 (84%) at 3 months, 233 (77%) at 6 months and 219 (72%) at 12 months. Most patients started at a dose of either 30 mg once daily (53.8%) or 30 mg twice daily (43.6%), and these continued to be the most common dosing frequencies during the study; the mean and median daily cinacalcet dose at each time point is given in Table 2 . At the time of the last recorded treatment (including those who discontinued treatment), 55.4% (168/303) of patients were taking cinacalcet once daily and 38.9% (118/303) were taking it twice daily, and the mean daily dose was 53.1 mg (S.E.M., 2.0 mg). The median dose was 30 mg/day.
For 148 patients (48.8%), the dose and/or dosing frequency changed at least once during the study. For those with a dosing change, reasons included hypercalcaemia (52.7%), cinacalcet restarted (22.3%), nausea and/or vomiting (18.9%), hypocalcaemia (12.2%) and high PTH levels (10.1%).
The mean (S.E.M.) daily cinacalcet dose during the whole study period was 49.6 mg (1.6 mg), including periods when drug was withheld, and 50.4 mg (1.6 mg) otherwise. Based on the data collected during the study, the mean (S.E.M.) duration of exposure was 295.9 days (7.3 days) and the median was 366 days (range, 2-397). Nineteen patients (6.3%) received treatment for !1 month, and 31 (10.2%) for 1-3 months. Two hundred and twenty-two patients (73.3%) received cinacalcet for more than 9 months.
Calcium outcomes
At baseline, 22/223 (9.9%) patients had an ACSC concentration of %10.3 mg/dl (%2.6 mmol/l). The proportion of patients achieving this target at 3, 6 and 12 months was 62.7, 69.4 and 70.9% respectively (Fig. 1a) . The results were very similar in the FAS-with-Censoring analysis set, which excluded data after cinacalcet discontinuation: the proportions were 61.0, 69.5 and 71.4% 
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respectively. In an additional analysis that excluded the 22 patients with baseline ACSC concentrations of %10.3 mg/dl, the proportion of patients achieving the target concentration was 60.1, 67.8 and 70.1% at 3, 6 and 12 months respectively. After 3 months, 101/180 (56.1%) patients achieved a reduction from baseline in ACSC of R1 mg/dl (R0.25 mmol/l). At 6 and 12 months, the corresponding proportions were 95/152 (62.5%) and 70/117 (59.8%) respectively (Fig. 1b) . The results were similar in the FASwith-Censoring analysis set: percentages were 57.3, 64.5 and 62.0% respectively. After excluding the 22 patients whose baseline ACSC concentration was %10.3 mg/dl, the proportion of patients achieving the reduction target was 60.7, 67.2 and 64.5% at 3, 6 and 12 months respectively. ACSC concentrations at each time point are given in Table 3 and Fig. 2a ; mean (S.E.M.) values fell from the baseline value of 11.42 (0.07) mg/dl (2.86 (0.02) mmol/l) to 10.12 (0.08) mg/dl (2.53 (0.02) mmol/l) at month 3 (mean decrease by 11.0%) and showed little change thereafter. Data for total calcium were available for a larger number of patients than data for ACSC, but the pattern of results for the two measures was similar: the mean and S.E.M. values at baseline (nZ275) and 3 months (nZ268) were 11.34 (0.08) mg/dl (2.84 (0.02) mmol/l) and 9.92 (0.07) mg/dl (2.48 (0.02) mmol/l) respectively. The results were similar in the FAS-with-Censoring analysis set.
Other laboratory values
The changes in concentrations of iPTH and phosphorus from baseline at each study time point are given in Fig. 2b and c After cinacalcet initiation, reductions in iPTH and increases in phosphorus concentrations were observed (mean changes from baseline of K8 to K13% and approximately C20% respectively).
Surgery during study
Forty-five patients underwent parathyroidectomy during the study, of whom 43 discontinued cinacalcet beforehand. In 27 (60%) of those who had surgery, cinacalcet was originally prescribed for the reduction in hypercalcaemia before surgery, and in 14 others, it was prescribed because surgery was declined by the patient or considered inappropriate by the physician. The reasons in the other four patients were failed surgery (nZ2), surgery contraindicated (nZ1) and other (nZ1). No data were collected on surgical outcomes.
Tolerability and safety
ADRs were reported in 81/303 (26.7%) patients. The most common ADRs are listed in Table 3 by preferred term. Nausea was the most frequently reported ADR reported in 41/303 (13.5%) patients. Vomiting was reported in 11 (3.6%) patients, and abdominal pain and diarrhoea were each reported in 6 (2.0%) patients. Hypocalcaemia and paraesthaesia were each reported in five (1.7%) patients, with one patient reporting both hypocalcaemia and paraesthaesia: of the nine patients affected by these two ADRs, baseline corrected calcium concentrations were !10.3 mg/dl (!2.6 mmol/l) in two, and a third had a total baseline calcium value of 8.91 mg/dl (but no corrected calcium value). 
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Three serious ADRs were reported in two patients: hypocalcaemia and muscle spasms (one patient receiving cinacalcet 60 mg once daily) and circulatory collapse (one patient receiving cinacalcet 30 mg twice daily). These occurred 2-3 weeks after the start of cinacalcet treatment; in both cases, the ADRs resolved after drug was discontinued. ADRs leading to discontinuation were reported in 23 (7.6%) patients: the most frequent were nausea (seven patients, 2.3%), vomiting (five patients, 1.7%) and paraesthaesia (three patients, 1.0%). Decreased appetite, hypocalcaemia, headache and tremor each occurred in two patients, and other ADRs leading to discontinuation were each reported in one patient only. No patients experienced life-threatening or fatal ADRs; when summarised by highest severity grade, most patients experienced ADRs that were mild or moderate in severity.
Discussion
PRIMARA is the first study of its type to investigate cinacalcet use in patients with PHPT in clinical practice across Europe, and provides valuable insights into the type of patients for whom cinacalcet treatment is considered appropriate and what dosing regimens are typically employed. The majority of the PHPT patients in our sample were being treated with cinacalcet as an alternative for undergoing surgery, i.e. because surgery had failed, was deemed inappropriate or contraindicated or was declined by the patient. Surgery was often deemed inappropriate because of the failure to localise the abnormal parathyroid gland, either reflecting the growing dependency of surgeons on preoperative localisation before surgery per se or, more likely, because the disease is being found earlier using biochemical screening. Earlier identification leads to a rise in the number of borderline cases being uncovered, which means that surgeons are using preoperative localisation to manage the disease appropriately i.e. treat with drugs as an alternative to surgery. In a few cases, patients were treated to resolve borderline hypercalcaemia, and in 43 patients (27 (63%) of whom subsequently underwent surgery) the reason for treatment was to reduce calcium levels in preparation for parathyroidectomy; neither of these are labelled indications for the product. Although the recommended starting dose for PHPT patients in the product label is 30 mg twice daily, only 44% of patients in our sample received this dose, with 54% of patients starting on a lower dose (most commonly 30 mg once daily). Post hoc analysis showed that the mean baseline calcium was slightly lower in those on 30 mg once daily than 30 mg twice daily (albumin-corrected values of 2.78 and 2.91 mmol/l respectively), but it is not clear whether this measure influenced the choice of starting dosage. A once-daily dose of 30 mg was also the most common starting dose in a recent observational study in Italian patients (7) . In spite of this, we observed clinically relevant reductions in calcium and iPTH levels after cinacalcet treatment started, as well as partial correction of hypophosphataemia. These are important outcomes in this patient population and our findings are consistent with the results of randomised placebocontrolled trials (8, 9) as well as other studies (7, 10, 11) . At baseline, patients typically had mild-to-moderate hypercalcaemia, with mean ACSC concentration of 11.4 mg/dl (2.9 mmol/l). Three months after starting cinacalcet treatment, more than one-half of evaluable patients (56%) achieved a reduction in ACSC concentration from the baseline of at least 1 mg/dl (0.25 mmol/l), and similar proportions achieved this target at 6 and 12 months. This degree of change is likely to be of clinical relevance, given that in patients with asymptomatic PHPT, management guidelines recommend surgery when the concentration of serum calcium is 1 mg/dl or more above the upper limit of normal (10.5 mg/dl (2.63 mmol/l)) (2). Nearly two-thirds of evaluable patients had an ACSC concentration of %10.3 mg/dl (%2.6 mmol/l) at 3 months, and the corresponding proportions at 6 and 12 months were similar. As shown in Fig. 1b , the proportions at these three time points were much higher than at baseline. The results for total calcium concentrations over time were similar to those for albumin-corrected values.
A notable finding in this study was that bone pain and kidney stones were much more commonly reported as presenting symptoms than expected, because most cases of mild-to-moderate PHPT are asymptomatic. This high prevalence might have been due to the highly selected group of patients enrolled in our study, in whom surgery had either failed or was inappropriate for some reason. We also found that in more than 40% of the patients for whom surgery was not considered appropriate by the physician, the reason given was that the diseased parathyroid gland could not be located. This is surprisingly high, given the reported sensitivity of localising methods such as high-resolution ultrasonography, technetium (Tc) 99m-methoxyisobutylisonitrile parathyroid scintigraphy and magnetic resonance imaging. These three techniques correctly identified 90, 72 and 67% of adenomas, respectively, in a study of PHPT patients, and combining the methods improved sensitivity even further (12) . It is possible that these specialised techniques were not readily available; alternatively, as mentioned above, patient selection criteria might have been a factor, or the physician might have had additional reasons for choosing cinacalcet for these patients that were not reported in the eCRF. Neither bone mineral density (BMD) data nor bone turnover marker data are presented in this paper. A few patients had BMD data at baseline and a later time point (obtained by dual energy X-ray absorptiometry scanning), but nearly all these data were at the spine and hip, with only one patient having data at the radius. Evidently, BMD measurement was not a common assessment in patients with PHPT in Europe, even though it is recommended in recent international guidelines (2) . In this patient population, bone loss is primarily at the cortical site, so BMD measurements at the forearm would have been more informative.
Adverse reactions to cinacalcet treatment were mainly mild or moderate, with gastrointestinal disorders, primarily nausea being the most common events reported. Hypocalcaemia occurred in five patients: in one of these patients, the event was classed as serious, but resolved after drug withdrawal. There were no unexpected safety concerns. The tolerability profile in our sample was similar to that seen in a placebo-controlled study of cinacalcet (8) .
The PRIMARA study shares the limitations of observational analyses, e.g. the lack of a control group and a limited ability to control for variables. To assess the effect of selection bias, we collected reasons for non-enrollment of 77 patients who were considered as study participants: most failed because they used cinacalcet for more than 1 month before enrollment. As the centres which participated in the study were chosen for their experience in treating subjects with PHPT and use of cinacalcet, it is possible that they might not be a representative of other clinics in the participating countries. A post hoc comparison of baseline characteristics and study outcomes by centre type did not show marked differences between university hospital and general hospitals, and there were too few private practice centres to allow meaningful comparison. An additional potential bias might have resulted from the inclusion in the main analysis set (FAS) of post-surgical data from 45 patients who underwent parathyroidectomy, 43 of whom discontinued cinacalcet before surgery; to address this, we also analysed results in the 'FAS with Censoring' set, which excludes data after cinacalcet discontinuation, and found that calcium outcomes were similar in the two analysis sets.
The patients included in our study appear to be the representative of the general population of patients with PHPT, for whom cinacalcet therapy might typically be considered. Although no predefined criteria were used to guide the investigators in diagnosing PHPT, the hormone and mineral profile of patients at baseline strongly suggest that PHPT was an accurate diagnosis in this study sample. However, as patients were enrolled at different sites across the European Union, physicians might have been influenced by different local guidelines for treatment of PHPT; for example, they might have used a different threshold for initiating PHPT treatment, whether medically with cinacalcet or with parathyroidectomy. In any case, it should be noted that the study was not designed to inform recommendations on how best to use cinacalcet in this patient population, and further studies are necessary to confirm the potential benefits of treatment shown by our trial.
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